Isolation of soil bacteria from the environment (to be conducted previously the three-week lab experience).
To accomplish the goals of this laboratory, students or the instructor need to isolate soil bacteria with at least a week in advance. Isolation of soil microorganism can be performed by resuspension of 0.5g of soil in 100 ml Sterile Tap Water and by plating 10 -3 to 10 -6 dilutions on Nutrient Agar plates. Resulting colonies in these mixed cultures will be further separated on Nutrient Agar plates according to differences in colony morphology and pigmentation to generate axenic cultures. On day one of the laboratory experience students will classify the isolates by differences in colony morphology, pigmentation and Gram staining and then proceed to inoculate the precipitating B4 media.
Week 1
Preparation of Standard B4 media
The preparation of all the media described below will require approximately 1.5 hours. 1L of B4 media is enough for a section of 13 students. Once the B4 plates are prepared they can be stored at 4°C for 10 days. If refrigerated, these plates need to be dried 15 minutes into a biological hood before use.
Add the following in 0.960 L of distilled water: a) 4g of yeast extract b) 14g of agar c) 2.5ml of phenol-red stock solution Once this solution is ready, autoclave it for 20 minutes at 121°C.
After autoclaving, add the following solutions using the corresponding aseptic techniques: a) 12.5ml of glucose 40% b) 25ml og calcium acetate 10%.
Mix well and pour the medium into a three-section plate.
Note: Standard B4 plates will appear orange. This color is due to the neutral pH of the medium rendered by the Phenol-red.
Preparation of acidic B4 media
In 0.8 L of distilled water add: a) Add 4g of yeast extract b) Add 12g of TRIS (pH will change to ~ pH 9.2) c) Mix well until dissolution (use a plate stirrer) d) Bring the pH to 7.0 with 1N HCl e) Add 14g of agar f) Bring the volume to 0.962L with distilled water g) Add 2.5ml of phenol red stock solution h) Autoclave for 20 minutes at 121°C.
After autoclaving, add the following solutions using the corresponding aseptic techniques: i) 12.5ml of glucose 40% j) 25ml of calcium acetate 10%.
Mix well and pour the medium into three-section plate. 1L is enough for 13 students. Acidic plate will have an orange color as well Standard B4 but in this case the medium is buffered to pH 7.0.
Preparation of alkaline B4 media
In 0.8 L of distilled water add: a) 4 g Yeast Extract b) Add 12 g of TRIS (pH will change to ~ pH 9.2) c) Mix well until dissolution (use a plate stirrer) d) Bring the pH to 8.2 with 1N HCl e) Add 14 g of Agar f) Bring the volume to 0.962 L with distilled water g) Add 2.5 ml Phenol Red stock solution h) Autoclave for 20 minutes at 121C.
After autoclaving, add the following solutions following aseptic techniques: i) 12.5 ml of Glucose 40% j) 25ml Calcium acetate 10%.
Mix well and pour the medium into a three-section plate. Alkaline plate will have a red color. In this case the medium is buffered to pH 8.2.
Note: Buffered B4 plates will appear red. This color is due to the alkaline pH of the medium.
This picture shows the color of the medium under alkaline conditions. It also shows the pattern in which the strain needs to be inoculated into the plate. A fresh colony from a previous culture has to be streaked at the center of the sector (at least 3 cm long). Repeat the inoculation in each sector.
Material for each student, week 1:
 Gram stain KIT (or for a group of students)  Several plastic sterile loops  5 isolated bacterial strains  Glass slides and cover slips  5 Petri plate Standard B4 (one each strain)  5 Petri plate acid B4 (one each strain)  5 Petri plate alkaline B4 (one each strain)  Plastic bags in which to keep the plates during the incubation at 39°C (to prevent dehydration).  Reporting card (Appendix 3)  Gloves Equipment:
 One incubator at 40°C  One station with Phase contrast microscope (400 X) to observe cellular morphology  One station with a stereomicroscope (40X) to observe colony morphologies Note for the instructor: The most time consuming part is the preparation of the media, especially when pouring the media into the plates. Instructor should verify if the students are following aseptic techniques during the manipulation of the media and the plates inside the Biohazard Hood BL-2. The instructor may arrange to have 2 students rotating in an organized manner when using the hood, thus making this an easier process. Three hours are required to accomplish these experiments with a class of 20-30 students.
Week 2
The Week 2 is devoted to identify the crystals produced by the isolates inoculated under different pH conditions. At the end of the laboratory students will be able to contrast how mineral precipitation is affected by the metabolism of each isolate and the resulting pH of the media. At the end of the laboratory experience, the plates will be stored at 4°C into a plastic bag for the final analysis at Week 3.
Material for each student:
 Reporting card (Appendix 3)  0.1N HCl (to discriminate carbonate crystals) + Pasteur pipette  Chemical goggles  Gloves  Plates from Week 1  One station with a stereomicroscope (40X) to observe crystals Note for the instructor: The second week is mainly focused to help students link the changes of pH (and color) in the plates with crystal formation by the microorganism. Consequently, students will use the stereomicroscope to determine if the isolate is able to produce crystals. During this week, the instructor may arrange different stereomicroscope stations for students to check for crystal developments in the biofilms. If large crystals have developed (and the time permits) students can conduct a dissolution assay (see next section). Three hours are required to accomplish these experiments with a class of 20-30 students.
Week 3 Material for each station (student):
 Reporting card (Appendix 3) 6  Chemical goggles  One 200ml Beaker with 100 ml of distilled water  Paper filter  Glass slides and cover slips  5 ml of Crystal violet 0.1% in water + Pasteur pipette  Ethanol 70% + Pasteur pipette  A small tray for staining the crystals  10 ml 0.1 N HCl + Pasteur pipette  A printed copy of the paper Braissant et al 2003 (to compare students' crystal morphologies to those described in the literature).  Gloves  Calcium Carbonate (Sigma, crystals chemically produced)  One station with a stereomicroscope (40X) to observe crystals and an Optical contrast microscope (400 X) to observe crystals  Hot plate Note for the instructor: The third week is mainly focused on purifying the crystals and using the optical microscope to see the different crystal morphologies and the EPS matrix. During this last week, the instructor may arrange different microscope stations for students to rotate in an organized manner, thus making this an easier process. In each station, the instructor will place a 0.1 HCl bottle with a Pasteur pipette to conduct the crystal dissolution assay. After additions of one small drop 0.1 N HCl in top of the crystals students visualizes bubble production (release of CO 2 ) without the use of the stereomicroscope. If possible, in all the stations, the instructor can place a slide with chemically produced carbonate crystals to compare them with biogenic crystals. Three hours are required to accomplish the observation with a class of 20-30 students.
Comparing students' crystal morphologies to those described in the literature
We recommend the instructor to print and provide to the students the follow publication: We suggest comparing the crystals at pages 486-487 where several crystal morphologies are showed. To assist students with the comparison of the crystal morphologies, we suggest to describe the crystals according with the shape (globular, spheroids, discoidal), size (small, medium, large), and color (white, ivory, brown).
Please note that classification of the crystals was not implemented into the learning objectives for the students. The main reason is that the classification of biogenic crystals is not a trivial task. In literature, when crystal classifications are required, they are provided only by an experienced geologist.
1 Appendix 2: Student laboratory handout and answer key.
Introductory Geomicrobiology Lab: Induction and analysis of carbonates from bacterial biofilms
Introduction:
Geomicrobiology is a branch of microbiology that studies the interaction of microorganisms with minerals at the interface of Earth's biosphere and lithosphere in space and time. In natural settings, microbes precipitate and dissolute minerals such as CaCO 3 deposits to cement reefs in oceans. Microbes also produce exopolymeric substances (EPS) that help stabilize sediments. When a bacteria or a consortium is embedded into these EPS, they encounter the opportune conditions that foster or induce mineralization. This phenomenon is widely spread in the Bacterial Kingdom, and metabolic pathways like photosynthesis, urea hydrolysis, and sulfate reduction are all associated with induced mineralizations. Bacterial induced mineralizations (BIM) are indeed regulated by physiological activities and can be carried out in open environments or under laboratory conditions. Here is proposed an in vitro system to study carbonate formation by the inoculation of environmental strains into B4 precipitating media, a phenomenon that only occurs under alkaline conditions. During the next three weeks, you will have the opportunity to see how biofilms obtained from soil microorganisms grown into different conditions, are able to precipitate calcium carbonate crystals. In this laboratory experience, you will be able to isolate these crystals, study their morphology and finally understand the relevance of the external matrix in crystal development.
Learning goals:
1) Learn about the conditions of pH required for a microbial induced mineralization to take place.
2) Visualize how bacterial metabolism produce changes in pH on the biofilms that consequently alters crystal formation.
3) Contrast how mineral formation is affected (and impaired) by changes in the pH of the growing media. 4) Observe how in most cases biogenic crystal formation takes place on an associated matrix.
Please take a look to a workflow of the experiments, which can be found at the end of this protocol! (page 6)
Before starting…please follow the next fundamental SAFETY RULES:
1 -Always wear lab-coat, gloves, and closed shoes.
-Open Petri dishes containing biofilms ONLY under a biological-hood.
3-Wear chemical goggles when using 0.1N HCl. As a remainder, you will see the sign.
Week 1 1. Characterization of the morphotypes. Your first task is to classify the environmental isolates based on colony morphology, cell shape, and Gram staining. The following list will help you to compare the strains:
1) Analyze the morphology of the colony as either: -Circular -Irregular -Filamentous.
2) Analyze the color of the colonies (pigmentation) and classify them as: -White -Ivory -Pink -Orange -Yellow.
3) After a smear preparation, observe the cells from the colony using the light microscope and classify Inoculate your strains into precipitating media that foster carbonates formation. Once the strains are classified and unique colonies are described, you will inoculate them into the provided three-section Petri dish. You have three different media: Standard B4, Acidic B4, and Alkaline B4. Each section of the plate represents a replica. Repeat this operation for all the three sections. 5) After inoculation, incubate the plates at 40°C for one week. To avoid media desiccation, please store them in plastic bags, making sure they are completely sealed.
OPEN QUESTION! An induced mineralization-like carbonate formation highly depends on the bacterial metabolism and the buffering capacities of the growth media. Consider that the environmental strains were inoculated in standard B4 media under three different conditions: one in media with low buffering capacities, and two others in media with acidic and alkaline pH, respectively. Under which growing conditions do you expect to see crystals by the next week? Why? ________________________________________________________________________________ ______________________________________________________________________________________
Week 2
Is time to check if carbonate crystals were formed! Observe the different strains in each plate, and compare microbial growth among the three different types of B4 precipitation media. Observe each biofilm formed for the presence/absence of white crystals. The development of an alkaline environment in standard B4 plates (visualized by a red color) coincided with crystal formation, whereas acidification (pH 6.4 or lower, and yellow color in plates) is associated with lack of crystal formation. Crystals can be both observed with naked eye and by using the stereomicroscope. Complete the table according to your observations. You can also share and compare your plates with your classmates. Week 3
Examples
Let us do a closer observation to your crystals! During this week, you will observe the different morphologies of the crystals that were generated in week 2, using a light microscope. You will also visualize the amorphous matrix that surrounds the biogenic crystals.
A -How to characterize biogenic crystals?
1) Remove the crystals from the biofilms with a spatula under the Biological Hood.
2) Place the crystals into a small beaker (200mls) filled with 80mls of distilled water, close it with aluminum foil and boil the sample for 20 minutes. This process will clean the crystals and remove aggregated cells without damaging the crystals. Wait the water cools down (add ice).
3) Using any type of filter paper (you can even use paper towels), filter the crystals and wash them twice with tap water. 4) Remove the crystals with a forcep and place them on a slide for microscopic observations at 100X -200X magnifications.
5)
Observe the different morphologies. Compare your crystals with those of your classmates.
• NOTE! Compare your crystals with other crystal morphologies using the references provided by the instructor.
B -Crystals embedded into an amorphous matrix:
Recent studies showed that an amorphous matrix embedded into the crystals, was distributed within 90% of the examined crystals generated on B4 medium. To observe this matrix that could dictate final crystal morphologies, please follow the next steps:
1) Stain the crystals recovered from step A with one drop of 0.1% of Crystal Violet. Incubate at room temperature for 1 minute.
2) Rinse the crystals for 30 seconds using a few drops of Ethanol 70%.
3) Wash the excess of Crystal Violet with abundant tap water.
4) Place the crystal on a glass slide and cover it with a slip to avoid breaking of the crystals. 
